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Hypertension in children is frequently undiagnosed.
Normal blood pressure is currently defined as a function
of two continuous variables, age and height for each
gender. Applying the current cutoff values to assess a
child’s blood pressure is time consuming. To separate
the independent effect of age from that of height on
blood pressure, we conducted a multiple group matched
study to investigate if blood pressure levels in children
with a given height distribution vary with age. An equal
number of 2539 Chinese children from each of the
four age groups (7, 8, 9 and 10 years) were individually
matched by height, sex and geographic region. We used
the matching technique to force the four age groups to
have an identical height distribution. Systolic and
diastolic blood pressures significantly increased with
increasing age before matching. After matching, four
groups had strikingly similar levels of blood pressures,
and the differences among four groups were small and
not statistically significant. Once height is taken into
consideration, age has little impact on blood pressure.
Our findings, if confirmed in children of other ages,
suggest that blood pressure percentile charts can be
considerably simplified by establishing normal percen-
tiles according to height alone for each gender.
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Introduction
With the epidemic increase in childhood overweight
problems in both developed
1,2 and developing
countries,
3,4 increased attention to weight-related
health problems including hypertension is war-
ranted.
5,6 However, hypertension in children and
adolescents are frequently undiagnosed.
7 One of the
primary factors accountable for the low diagnosis
rate is the lack of knowledge of normal blood
pressure values by clinicians.
7 The current consen-
sus guidelines define normal blood pressure in
children as a function of age and height for each
gender.
8–10 Because the normal blood pressure
values are considered to vary according to two
continuous variables, age and height, simulta-
neously, it is cumbersome for clinicians to identify
children with elevated blood pressure.
7 Previous
studies have indicated that the consideration of
age alone is inadequate to gauge a child’s blood
pressure;
9–12 therefore, the normal blood pressure
values have been established according to age and
height simultaneously. The most powerful deter-
minant of normal blood pressure in children is
maturation.
11,12 Height as an easily measured in-
dicator of physiological maturity is related to blood
pressure independent of age.
11 Height and age are
highly correlated in growing children. However, it
has not been investigated if whether normal blood
pressure percentile values depend on age indepen-
dent of height. In other words, once height is taken
into consideration, do we really need to consider
age, another continuous variable, for assessing blood
pressure in children? The answer to this question is
critical for simplifying the diagnosis procedure and
useful for addressing the issue of the current low
diagnosis rate of hypertension in pediatric popu-
lation. Therefore, the objective of this study was to
investigate if children of different ages have similar
blood pressure levels given that they have an
identical height distribution. Using the conven-
tional regression approach to answer this question
is challenging because of the difficulties of describ-
ing the nonlinear relationships of blood pressure
with both height and age.
9 We adopted a matching
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www.nature.com/jhhtechnique to select a subsample of children aged 7,
8, 9 and 10 years from a large population-based
survey in China. By individually matching children
according to height, we forced children of different
ages to have an identical height distribution. The
effect of age on blood pressure was assessed by
comparing systolic and diastolic blood pressure
levels among four matched groups.
Methods
Participants and matching
The 2005 Chinese National Surveys on Students’
Constitution and Health included a nationally
representative sample of over 200000 children aged
7 to 18 years from 1320 schools in China.
13,14 Those
aged 7, 8, 9 and 10 years were included in the
present study. Each participant in the 10-year-old
group was taken as a potential index subject and
was individually matched to one participant in the
7-year-old group according to the following criteria:
(1) with the same gender, (2) from the same
geographic region and (3) with the same or closest
height within ±1.0cm. Each of the matched pairs
was further matched to one participant in each of
the 8- and 9-year-old groups, according to the same
matching criteria. We matched 2539 children (1393
boys and 1146 girls) from each of the four groups.
The total number of the matched children in this
study was 10156. To minimize potential selection
bias due to the researcher’s subjective decision of
choosing matching individuals, we developed a
computer program for searching and matching
children of different ages. If multiple subjects with
the same height in a given age group existed in the
database, only one child was randomly selected.
Height measurements
Height (cm) was measured using the same type of
portable stadiometer and following a standardized
procedure in all survey sites in the country.
13,15
Subjects were required to wear only light clothes
and stand straight, barefoot and at ease when being
measured. Height was measured to the nearest 0.1cm
with a stadiometer, which had been calibrated before
use. All measurements were conducted by a team
of technicians in each administrative district. All the
technicians were required to pass a training course for
anthropometric measurements.
Blood pressure measurements
All blood pressure readings were obtained at a
single examination visit according to a standard
protocol. As recommended by the National High
Blood Pressure Education Program Working Group
on High Blood Pressure in Children and Adoles-
cents,
8 blood pressure readings by an auscultation
method with a standardized clinical sphygmomano-
meter were used in the survey. A stethoscope was
placed over the brachial artery pulse, proximal and
medial to the cubital fossa and below the bottom
edge of the cuff. Cuff bladders with different
dimensions (7, 9, and 12cm) for children were
available in the survey sites. An appropriate cuff
bladder width was chosen. The participants were
asked to rest in sitting position for 10min before the
measurement. Systolic blood pressure was deter-
mined by the onset of the ‘tapping’ Korotkoff sounds
(K1) and diastolic blood pressure as the fifth
Korotkoff sound (K5) or the disappearance of
Korotkoff sounds.
Statistical analysis
Before matching, the means and standard deviations
of systolic and diastolic blood pressures were
calculated for all age groups in each gender. The
one-way analysis of variance was used to test the
differences in blood pressure mean values among
four age groups. After matching by height, sex and
geographic region, we recalculated means and
standard deviation of blood pressures of four age
groups. As blood pressure values were correlated
within matched sets (clusters), we used a random-
effects model for panel data to test the differences of
blood pressure levels among four matched groups.
The nature of matching was taken into consideration
by specifying that the standard errors allow for intra-
cluster correlation.
16 Kernel density estimates were
calculated and plotted to describe the distributions
of height in different groups before matching. All
analyses were conducted using Stata 11.
17 We also
presented means and 95% confidence intervals of
systolic and diastolic blood pressure values graphi-
cally before and after matching.
Results
Figure 1 shows the height distributions of 7, 8, 9 and
10 year-old boys in the original survey sample. The
mean height increased with increasing age from
124.1cm in 7 years to 139.3 in 10 years for boys and
from 122.6cm in 7 years to 139.8 in 10 years for girls
(Table 1). As shown in the shaded area in Figure 1,
only a small proportion of children were match-
able with similar height in all four age groups.
We matched 1393 boys and 1146 girls from each of
the four age groups by height, sex and geographic
region. Therefore, our final analysis included 10156
children (5572 boys and 4584 girls). After matching,
the four age groups had similar means and standard
deviations of height (Table 2).
Both systolic and diastolic blood pressure in-
creased rapidly and significantly over age before
matching. Systolic blood pressure increased from
94.4mmHg in age 7 group to 99.9mmHg in age
10 for boys and from 92.8mmHg in age 7 to
98.8mmHg in age 10 for girls. Diastolic blood
pressure increased from 57.5mmHg in age 7 to
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in age 7 to 61.5mmHg in age 10 for girls (Table 2).
After matching by height, sex and geographic
region, the trend of a sharp increase in systolic and
diastolic blood pressure levels over age disappeared
(Figure 2). Both systolic and diastolic blood pressure
levels were quite similar among the four age groups.
The differences among the four groups were not
statistically significant for both boys and girls in
both systolic and diastolic blood pressure values
(Table 2). The absolute differences among the four
groups are small and not statistically significant.
The maximum difference in diastolic blood pres-
sure was observed between 7 and 10 year-old girls,
Figure 1 Height distributions by age and sex in Chinese children.




Number 9628 9675 9712 9827
Systolic BP, mmHg 94.4 (10.3) 96.0 (10.3) 97.8 (10.4) 99.9 (10.7) o0.001
Diastolic BP, mmHg 57.5 (9.7) 58.9 (9.6) 60.5 (9.7) 62.0 (9.5) o0.001
Height, cm 124.1 (6.1) 129.5 (6.4) 134.4 (6.5) 139.3 (6.9) o0.001
Girls
Number 9560 9555 9597 9726
Systolic BP, mmHg 92.8 (10.1) 94.2 (10.2) 96.4 (10.5) 98.8 (10.7) o0.001
Diastolic BP, mmHg 57.0 (9.5) 58.3 (9.6) 59.8 (9.6) 61.5 (9.6) o0.001
Height, cm 122.6 (6.0) 128.3 (6.3) 133.8 (6.9) 139.8 (7.5) o0.001
Abbreviation: BP, blood pressure.
Table 2 Height, systolic and diastolic blood pressure in Chinese children aged 7 to 9 years after individually matched by height
Age, Years P
78 9 1 0
Boys
Number 1393 1393 1393 1393
Systolic BP, mmHg 97.5 (10.5) 96.9 (10.0) 96.9 (9.7) 97.3 (9.8) 0.26
Diastolic BP, mmHg 60.1 (9.7) 59.7 (9.6) 60.2 (9.2) 60.2 (9.0) 0.47
Height, cm 131.5 (4.4) 131.5 (4.4) 131.5 (4.4) 131.5 (4.4) 0.92
Girls
Number 1146 1146 1146 1146
Systolic BP, mmHg 94.9 (10.3) 94.7 (10.0) 94.9 (9.9) 95.2 (9.5) 0.73
Diastolic BP, mmHg 58.5 (9.3) 58.8 (9.3) 59.0 (8.9) 59.1 (9.2) 0.40
Height, cm 130.3 (4.4) 130.3 (4.4) 130.3 (4.4) 130.3 (4.4) 0.95
Abbreviation: BP, blood pressure.
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val: 0.1, 1.3). The maximum difference in systolic
blood pressure was also only 0.6mmHg (95%
confidence interval: 1.3, 0.1) observed between 7
and 8 year-old boys.
Discussion
Recent guidelines published in the Forth Report
on the Diagnosis, Evaluation, and Treatment of High
Blood Pressure in Children and Adolescents provide
standard blood pressure percentiles by sex, year
of age and height percentile.
8 Using those blood
pressure percentiles to determine if a child has an
elevated blood pressure is a complicated proce-
dure, which was considered accountable for the
underdiagnosis of hypertension in children.
7 The
development of such norms depending on two
continuous variables (age and height) is also
challenging because of the nonlinear relationships
of blood pressure levels with age and height.
9 In this
study, we found that children of different ages
with an identical height distribution have similar
blood pressure levels. Age has little impact on blood
pressure values once the impact of height is
taken into consideration. This phenomenon exists
in both boys and girls for both systolic and diastolic
blood pressure measurements. Our findings suggest
that children with the same height tend to have
similar normal blood pressure values regardless of
their ages. Therefore, the current guidelines for
assessing blood pressure according to age and height
in children may be unnecessarily complicated. The
process of assessing blood pressure in children
should be substantially simplified, at least for
children aged from 7 to 10 years. Our data support
that it is sufficient to construct normal blood
pressure percentiles as a function of height alone
rather than a function of both age and height.
Simplifying the diagnosis procedure can be helpful
for addressing the issue of the current low diagnosis
rate of hypertension in children.
The normal blood pressure values in children in
early guidelines were constructed as age and sex
specific percentiles.
18,19 Because body size is the
most important determinant of blood pressure in
children, the recent guidelines provided age, sex
and height specific percentiles of systolic and
diastolic blood pressures.
8,20 As those normal blood
pressure percentile values depend on two contin-
uous variables, it is complex and time consuming to
determine if a child has an elevated blood pressure
in health care settings. The original justification for
this approach is that for a given age, blood pressure
levels are higher in larger children and body size
needs to be accounted for.
12 However, no studies
have assessed if age is a necessary determinant once
height is accounted for. Our study is perhaps the
first effort to examine if age is associated with blood
pressure independent of height.
There are several strengths in this study. We took
the challenge to individually match 2539 sets of four
different age groups, with a total of 10156 Chinese
children. The large population-based survey data in
China made the matching of such a large number
of children of different ages by height possible.
Matching is an intuitively straightforward approach
to control for the effect of height on blood pressure
values. This approach overcomes the difficulty of
determining the nonlinear relationship between
blood pressure and height when using a regression
method.
9,10 Matching four groups is also a time
consuming procedure and with the application of a
computer program developed by our team, we were
able to match such a large number of children of
different ages. The large sample size in our study
resulted in a high statistical power, as reflected by
the narrow confidence intervals of differences
between the groups with the maximum and mini-
mum blood pressure values. One potential limita-
tion of our study is that we only compared the blood
Figure 2 Systolic and diastolic blood pressure levels before and after matching by height in Chinese children.
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As the age range in our study was relatively small
from 7 to 10 years, whether our findings apply to
children beyond the observed age range needs to
be further assessed. The study sample was from a
homogenous population of Chinese children whose
height distribution may be different from those in
other racial and ethnic groups. Therefore, further
studies are also needed to investigate if the pheno-
menon that we observed in Chinese children applies
to children in other populations.
Conclusions
Blood pressure values differ little over ages from 7
to 10 years given they have an identical height
distribution. Therefore, our findings, if confirmed in
other age groups and in other populations, suggest
that only height needs to be considered for estab-
lishing blood pressure normal percentiles for each
gender in children. The diagnosis procedure of
elevated blood pressure for children in the current
consensus guidelines can and should be consider-
ably simplified.
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